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This invention relates to co-ordinate measuring for 
inspecting the dimensions of worlcpieces. 

It is comaon practice, after worlcpieces have been 
produced, to inspect' the- on a co-ordinate measuring 
^ine CHM, having a guill which can be driven .n three 
orthogonal directions, X,Y,Z, within a worlcng volume of 
^ Ilchine. The quill may carry a touch trigger probe 
TZ^Z^ described in «S Patent No 4,i53..98 (McMurtry, 
IL2 prSuces a trigger signal when its stylus touches a 
surface of the wcrlcpiece being inspected. ^h.s trigger 
signal is "sed to freeze the readings of scales or 
re!^Ivers which indicate the X,y and Z positions of the 
™ill of the CHM, to indicate the X,Y and 2 co-ordanates 
Z L position Of contact. Commonly, the CMM includes a 
computer programmed to take a series of readings of 
Tordinate data at various locations on the workpiece, in 
order to perform a complete inspection of desired 
dimensions of the wor>cpiece. A determination can then be 
made as to whether the workpiece is of acceptable quality, 
or whether it should be rejected. 

The probes used in such applications are capable of great 
„pe!tability. However, it i, Icnown that they suffer 
from pre-travel . This is an inaccuracy caused by the 
slight delay between the instant of stylus contact with 
the worxpiece and the generation of the trigger signal. 
Tis exacerbated by the unavoidable delay in the response 
time before occurrence of the trigger signal causes 
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freezing of the scale outputs and the taking of a reading. 
However, since the probe, operates in a repeatable manner, 
this inaccuracy will generally be be constant for a given 
direction and speed of approach of the probe to the 
5 wprkpie^ce. ^ 

Another caiise of inaccuracy lies in the CMM itself. As 
the probe-carrying quill is accelerated and decelerated in 
the three dimensions, the structure of the machine is 
10 subject to deflection under dynamic loadings. The amount 
of such deflection depends on the instantianeous direction 
and speed of probe movement, and on the instantaneous 
X,Y,Z position in the working voltjme of the inachine. 

15 The solution to these problems which has been adopted to 
date involves causing the probe to travel very slowly as 
it contacts the worl^iece surface. This reduces 
inaccuracies caused by the dynamic deflections and the 
pre-travel of the probe. Prior to teJcing any 

20 measurements, it is also usual to include a calibration or 
"datuming" cycle, in which the probe is calibrated by 
touching sxirfaces of a reference object at the slow speed. 
This enables the calculation of offsets which are stored 
and used to correct subsequent measurement readings for 

25 such factors as the diameter of the probe stylus. if the 
reference object is touched in each direction of probing 
movement, such a datuming cycle can also correct for the 
probe pre-travel in each such direction, but not for the 
dynamic deflections which vary from place to place within 

30 the working volume. 

However, the process of inspecting a workplace would take 
a very long time if the probe always moved at such a slow 
speed. Accordingly, a technique which has been used 
35 involves moving the probe at a high speed until it 
contacts the workpiece surface. This gives axi. 
appproximate indication of the location of the workpiece 
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surface. The probe is then reversed out' of contact, then 
moved back into contact at a slow speed to obtain an 
accurate reading of its position. Such a technique 
enables a workpiece to be inspected faster than if the 
5 probe were always moved at a slow speed/ though obviously 
the double touching at each inspection location (once at a 
high speed and once at a low speed) does take up time. 

US Patent No. 4,333,238 (McMurtry) shows an alternative 
10 solution, in which the dynamic deflections are" determined 
by sensing the accelerations of the structure of the CMM. 
However, this requires that an accelerometer should be 
specially provided and calibrated to sense the 
accelerations. 

15 

in place of the trigger probes discussed above it is also 
known to scan the contour of a workpiece surface with a 
measurement probe (i.e. one which continually determines 
the position of the surface relative to the body of the 

20 probe). An example is seen in US Patent No. 4,158,919 
(McMurtry) . The analogue or digital output of such a 
probe is added to the X,Y,Z outputs of the CMM' s scales or 
resolvers to give the position of the surface. Of 
course, if the structure of the CMM is subject to dynamic 

25 deflections, these deflections will cause inaccuracies, 
just as they do with touch trigger probes. This is 
increasingly a problem as equipment capable of higher and 
higher scanning speeds is developed. 

30 gnuimarv of the Invention 

The present invention, at least in a preferred embodiment, 
seeks to provide a fast, accurate inspection method in the 
case where a series of identical workpieces are to be 
inspected in succession. This is of course quite a common 

35 situation in normal production practice. 



The present invention provides a method of inspecting a 
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series of vorkpieces |. in which a workpiece-sensing probe 
is moved into a pos it ionr sensing relationship with each 
worlcpiece and a position reading taken, the method 
comprising the following steps (in any suitable order): 



relationship with one said workpiece at a relatively slow 
speed, and taking a position reading, 

10 (b) moving the probe into said position-sensing 



speed, and taking a position reading, 

(c) recording a difference value representing the 

15 difference between the two readings of steps (a) and (b) , 

(d) moving the probe into said position-sensing 
relationship with another said workpiece at the fast 
speed, and taking a position reading, and 



(e) using said recorded difference value to compensate 
the reading taken in step (d) • 

It will be appreciated that the slow reading need not 
25 necessarily be taken on the first worJ^iece of the batch, 
provided readings taken on earlier workpieces at the fast 
speed can be recorded and subsequently compensated « 

The above defined method is applicsible not only to trigger 
3 0 probes, where the probe is moved into the position-sensing 
relationship from a remote position, but also to 
measurement or scanning probes where the probe is 
continually being moved through a succession of 
position-sensing relationships, with readings being taken 
35 at each, in a scanning process. The same scanning 

process is repeated (at the appropriate scanning speed) in 
order to perform steps (a), (b) and (d) of the method. 



5 



(a) moving the probe into the position-sensing 



relationship with said one workpiece at a relatively fast 
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The method according to the invention (at least in its 
preferred form) takes advantage of the fact that not only 
any pre-travel of the probe, but also the dynamic 
deflections, will tend to be repeatable for a given 
position with the working yolxme and a given direction and 
speed of probe movement, with a series of substantially 
identical workpieces, the errors which they cause will be 
siabstantially identical. 
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20 
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35 



ftT"laf peaeriptien ef t ^^a P-rawinas 

An example of a workpiece inspection method according to 
the present invention will now be described with reference 
to the accompanying drawings, wherein: 

Fig 1 is a schematic diagram of a co-ordinate 
measuring machine (CMM) , and 

Pig 2 is a flow chart of the method. 



^oaeflpliloii of Preferre d Embcdimenta 

The CMM shown in Fig 1 comprises a table 10 upon which 
may be placed a workpiece 12. Preferably this is done by 
automatic means (not shown) which places each of a 
succession of substantially identical workpieces 12 from a 
production run in the same position and orientation on 
table 10. The CMM also comprises a touch trigger probe 
14 of the type described in US Patent No. 4, 153, 998 
(McMurtry). However, it is to be understood that other 
30 probes (including non-contact probes) may also be used. 
The probe 14 is mounted in a quill (not shown) of the 
machine for movement in X,y and Z directions under the 
action of X,Y and Z drives 16, controlled by a computer 
18. X,Y and Z scales 20 (which include counters for the 
outputs of the scales) show the instantaneous co-ordinates 
of the position of the quill in which the probe 14 is 
mounted in three dimensions. When the probe 14 sends a 
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trigger signal on a line 22 indicating that it has 
contacted the surface of the workpiece 12 , the counters 
of the scales 20 are frozen and the computer 18 takes a 
reading of the X,Y,Z co-ordinates of the worlcpiece 
5 surface. - 

As thus far described, the machine is conventional. The 
computer 18 contains a programme which causes the probe 14 
to contact the s\arface of the workpiece 12 at a pl^lrality 
10 of different points, sufficient to take all the required 
dimensions of the wor]^iece for the inspection operation 
required. This is illustrated at 14A, 14B. 

It is known that if the probe 14 approaches the worlcpiece 
15 12 at a relatively fast speed, as illustrated graphically 
at A in Fig 1, then the pre- travel of the probe and the 
dynamic deflections of the machine structure result in an 
inaccurate reading. Accordingly, the method utilised in 
the past is as illustrated at B in Fig 1. Here, the 
20 probe first approaches the worlq^iece surface 12 at a fast 
speed, as illustrated by line 24, until the surface is 
detected. Then, the probe 14 is reversed out of contact 
with the workpiece (line 26) , and finally it is advanced 
into contact with the wor3q)iece (line 28) at a slower 
25 speed, so that a more accurate reading can be taken. 

Since this needs to be repeated for each contact point on 
each workpiece of the production run which is to be 
inspected, this is a time consuming operation. 

30 Accordingly, referring to Fig 2 , the following procedure 
is used in the present inspection method. 

Prior to any measurements, the probe 14 is calibrated or 
"datumed" for each intended direction of probing movement, 
35 by touching at the slower speed against a reference object 
such as a datum ball, in the conventional manner. This 
provides a set of correction offsets, as is well known. 
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and these are stored in the computer 18 for future use. 

At the start of the production run, the first workpiece 12 
to be measured on the CMM is set up on the table 10 (step 
30) , and as mentioned previously this is preferably done 
by an automatic handling mechanism. 

Next, in step 32, all the required points on this first 
worlcpiece are measured in the conventional manner, using 
the double touching method illustrated at B in Fig 1. 
These readings are all corrected in the conventional 
manner by the computer 18, using the appropriate stored 
correction offset. The corrected readings are stored. 
All these readings on the first workpiece are then 
repeated at a fast speed, namely the method shown at A xn 
Fig 1 (step 34). If desired, these two steps can be 
performed at the same time, since the fast reading at each 
point on the workpiece surface can be taken at the time 
indicated by line 24 at B in Fig 1, followed by the slow 
reading being taken as indicated at 28 in Fig 1. The fast 
readings, of course, are not corrected using the stored 
offsets. Rather, when both readings have been taken for 
each point on this first workpiece, the differences 
between the two values for each point are calculated and 
stored (Step 36) . The result is that there is now stored 
an error value for each measured point, which not only 
takes account of the stylus radius and probe pre-travel at 
the slower speed (as provided by the conventional 
datuming) but also takes account of the different 
pre-travel at the faster speed and the dynamic deflectxons 
of the machine structure at the faster speed. These 
error values effectively form a map (over the probe path) 
of the systematic errors encountered during a probing 
cycle at the faster speed. 

Next, at step 38, the first workpiece of the production 
run is removed and the next workpiece is set up in xts 
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place, again preferably ufeing the automatic handling 
mechanism. On this vor]cpiece, readings are taken only at 
the fast speed, using the method illustrated at A in Fig 
1, (step 40). The same fast speed is used as in step 34. 
5 It will be appreciated that these fast readings will be 
inaccurate for the reasons discussed abav&. However, the 
readings can be expected to be repeatable even though they 
are inaccurate. This is particularly the case where the 
probe is always approaching a given point on the workpiece 

10 surface from the same direction at the same speed, and 
especially if the workpiece is located at the same 
position on the machine. Accordingly, in step 42, the 
computer 18 adjusts each of the fast readings taken at: 
step 40 by adding in the corresponding difference value 

15 (error value) stored at step 36. This compensates for the 
errors induced by the fast reading. The computer 18 can 
then signal whether or not the workpiece is acceptsJDle 
(i.e. within a predetermined tolerance) and if desired can 
print out the results of the measurements. 

20 

The procedure of steps 38, 40 and 42 is then repeated for 
each worl^iece in the production run which is to be 
inspected. 

25 It will be appreciated that the veorious steps of the 

method could be taken in various different orders. Not 
only can steps 32 and 34 be combined as mentioned above, 
but it is not really necessary for the slow readings of 
step 32 to be taken on the first wor3cpiece of the run. 

30- Provided the various fast readings taken in step 40 are 
stored for subsequent compensation, the slow readings can 
be taken at any time, and the compensation step 42 made 
subsequently . Indeed, the difference values provided by 
step 36 could have been stored in the computer from a 

35 different production run on identical worlcpieces 12, 
perhaps performed on a different day. 
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The advantage of the method described is that readings on 
the majority of the workpieces of the production run are 
taken at the fast speed, and so there is an overall saving 
of time. 

The method, has been described in respect of a co-ordinate 
measuring machine. However, the method is equally 
' applicable if the probe is mounted in a different type of 
inspection machine, such as an inspection robot. Trigger 

10 probes are also well known for use on computer numerically 
controlled machine tools. In. such use, the probe is used 
during part of the machining cycle which is stored as a 
part programme in the numerical control. .It is perfectly 
possible to use the method of Fig 2 in such a part 

15 programme. The steps of setting up the various workpieces 
(Steps 30 and 38) then also include steps of cutting metal 
from the workpiece in accordance with the part programme. 
The same advantage accrues as on a co-ordinate measuring 
3nachine, namely the inspection part of the cycle using the 

20 probe 14 can be performed at a faster speed for the 
majority of the workpieces of a production run. 

The method described is applicable to measurement probes 
used for scanning, as well as to trigger probes. As 
scanning takes place, these also are subject to errors 
caused by dynamic deflections. To apply the method to a 
scanning operation, a workpiece is first scanned at a slow 
speed, not appreciably subject to such errors. The scan 
is then repeated at a fast speed, and an error value 
calculated for each measured point on the workpiece,- by 
subtracting the two corresponding readings, as before. A 
map is thus built up of the dynamic errors introduced by 
scanning at the fakt speed. The error values thus 
obtained are used to correct measurements taken while 
scanning subsequent substantially identical workpieces at 
the fast speed. 
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CIiAIMS 



1. A method of inspecting a series of workpieces, in 
which a worlcpiece-sensing probe is moved into a 
5 position-sensing relationship with each workpiec^ and a 



10 relationship with one said worJq)iece at a relatively slow 
speed, and taking a position reading, 

(b) moving the probe into said position-sensing 
relationship with said one workpiece at a relatively fast 

15 speed, and taking a position reading, 

(c) recording a difference value representing the 
difference between the two readings of steps (a) and (b) / 

20 (d)- moving the probe into said position-sensing 

relationship with another said worlqpiece at the fast 
speed, and taking a position reading, and 

(e) using said recorded difference value to compensate 
25 the reading taken in step (d) • 

2, A method according to claim 1, in which steps (a) , (b) 
and (c) are repeated at a plurality of points on said one 
workpiece, and then subsequently steps (d) and (e) are 

30 performed at each corresponding point on said other 
worl^iece. 

3. A method according to claim 1 or claim 2, wherein 
steps (d) and (e) are repeated on a succession of 

35 substantially identical workpieces. 



position reading taken, the method comprising the 
following steps (in any suitable order): 



(a) moving the probe into the position-sensing 



4. A method according to any one of the preceding 



PCT/GB88/00455 

WO 88/09915 



-11- . 

claims, in which the probe is a trigger probe. 

5 A method according to claim 4 , in which the probe is 
calibrated or datumed at the relatively slow speed, giving 

5 an offset which is used to correct the reading in step 
(a). 

6 A method according to any one of claims 1 to 3, in 
which the probe is a measurement probe, and each of steps 

10 (a) , (b) and (d) is performed as part of a scanning 
process. 
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